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INVESTIGATION OF SPACE SHUTTLE LAUNCH VEHICLE
EXTERNAL TANK-NOSE CONFIGURATION EFFECTS (MODEL 67-0TS]
IN THE ROCKWELL INTERNATIONAL 7- BY 7-F00T
TRfSONIC WIND TUNNEL (1A69)

By Robert Mennell & Robert Rogge*
ABSTRACT

Experimental aerodynamic investigations were conducted on an 0.015-
scale representation of the Space Shuttle Launch Configuration in the Rockwell
International Trisonic Wind Tunnel during the time period of January 11 to
14, 1974, The NASA designation for this test period was IA69.

| The primary test objectives were to investigate shock wave formation
and record the aerodynamic stability and control effects generated by a
new external tank nose configuration {MCR 467) at a Mach number of 1.2..

Schlieren phdtographs were taken at angles of attack of -4°, 0°, and 4°,

it

B = 0° with force and pressure data recorded over the alpha range of -4°<
&‘5 4° at g = +4°. _

The Taunch configuration model, consisting of the VL70-000140A/B Orbiter,
the VL78-000041B ET, and the VL77-000036A SRBs, was sting mounted on a 2.5-
inch Task type jnterna] balance entering through the ET base region. Wing,
-body,‘and base pressure lines for all orifices were routed internally through

the model to the sting support system. Parametric variation consisted

only of altering the ET nose configuration.

* Rockwell International Space Division
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SADSAC

Symbo Symbol

A
Paces

NOMENCLATURE

attitude control propulsion system base area, ftz

(total for right + left)

éxterha] tank total base area, ft2

orbital maneuvering system base area, ft2

Orbiter total base area, ft2

SRB shroud base area (minus projegted nozzle base
area, total for right + left), ft

SRB nozzle base area, 2 (total for right + left)

external tank cavity area, ft2

Orbiter cavity area, ft2

ba]ance chord force coefficient, uncorrected

chord force coefficient-correction due to ACPS
base pressures. (Corrected to P_ using A )
0 bA
/ CPS

chord force coefficient correction due to ET base
pressure. (Corrected to P, using A )
' ET

chord force coefficient correction due to OMS base
pressure. {Corrected to P_ using A )
° boms

chord force coefficient correction due to Orbiter
base pressure. {Corrected to P_ using A );
o Bore



CACORD

CAF

CA

CBL

CD

CDF

CL

CLM

NOMENCLATURE (Continued)

chord force coefficient correction due to SRB
shroud base pressure. {Corrected to PO using ADSRB)

chord force coefficient correction due to SRB nozzie
base pressure. {Corrected to P_ using A
0 BB

chord force coefficient correction due to ET cavity
pressure. (Corrected to Py using AC )
ET

chord force coefficient correction due to Orbiter
cavity pressure. (Corrected to Pp using A )
ORB

launch vehicle forebody chord force coefficient.
{Corrected to PO)

launch vehicle total chord force coefficient.

(Corrected to PB)

launch vehicle rolling-moment coefficient

launch vehicle total chord force coefficient,
(Corrected to PB)

1aunc? vehicle forebody drag coefficient. (Corrected
to P
0

Iaunc? vehicle total 1ift coefficient. (Corrected
to P
B

1aunc? vehicle forebody 1ift coefficient. {(Corrected
to P _
0

launch vehicle total pitching-moment coefficient.
(Corrected to PB)



Erer

M
0

MRP(XT,Y

CN

CP(I)
cy

CYN

Leer
MACH

p27)

PO
PT

Q(PSF)
RN/L
SREF
™0

1T

NOMENCLATURE (Continued)

launch vehicle forebody bitching-moment coefficient.
{Corrected to PO)

launch vehicle normal-force coefficient

Taunch vehicle pressure coefficient at station i
Taunch vehicle sideforce coefficient

Taunch vehicle yawing-moment coefficient

incidence angle of Orbiter reference plane with
respect to ET reference plane, deg.

reference length, in
tunnei freestream Mach number

moment reference point in ET coordinate system

orbiter base pressure

modei absolute pressure, psfa

tunnel freestream static pressure, psfa
tunnel freestream total pressure, psfa

tunnel freestream dynamic pressure, psf

tunnel Reynolds number, millions per foot

reference area, ft2

tunnel freestream static temperature, °R

tunnel freestream total temperature, °R



XCP

ALPHA
BETA
ATLRON

BDFLAP
ELEVON

RUDDER

SPDBRK

PHI

NOMENCLATURE (Continued)

" model pressure weighting factor, (either 0 or 1)

Taunch vehicle center of pressure location
orbiter longitudinal station, in.

ET longitudinal station, in,

orbiter spanwise station, in.

ET spanwise station, in.
launch vehicle angle of attack, deg
launch vehicle angle of sideslip, deg

)/ 2, deg

aileron deflection (6. - &
S I

body flap deflection, deg.
elevon deflection (s, + &5_ )/2, deg
. L %R

rudder deflection, deg
speed brake deflection angle, deg
wing leading edge sweep angle, deg

radial Tocation of orbiter nose static pressure
tap location, deg

aileron

attitude control propulsion system
internal balance

elevon

external tank

model pressure orifice number



NOMENCLATURE (Concluded)

I . inboard

L left

0 outboard

MPS main propulsion system

OMS | orbiter maneuvering system

r rudder

R . right

SRB solid rocket booster

SRBN so0lid rocket booster nozzle

b BREF | reference span; m, ft, in
X/L Jongitudinal location on orbiter fuselage

n 2Y/B spanwise location on orbiter wing surface
X/C chordwise location on orbiter wing surface

L/D¢ L/DF 1ift to forebody drag ratio



CONFIGURATIONS INVESTIGATED

The model used for this test period was an 0.015-scale representation
of the Rockwell International Space Shuttle Launch Vehicle consisting of
Orbiter, external oxygen-hydrogen tank (ET), and solid rocket boosters
(SRB). The VL70-000140A/B Orbiter model was of the blended wing body de-
sign utilizing a double delta wing (75“/45°ALE), full span elevons (un-
swept hingeline), a centerline vertical tail with rudder and/or speedbrake
deflection capability, and an orbital maneuvering system (OMS) mounted on
the aft fuselage. The ET, per VL78-0D00041B, and the SRB's, per VL77-000036A,
were designed to incorporate all full scale attach structures, protuberances,
fairings, fuel feed and vent lines, etc. The alternate ET nose tested was
per model dwg. S5-AQ01167.

The Orbiter model was constructed primarily of cast aluminum while
both the ET and SRB's were of machined aluminum. The ET was designed to
accept a sting-mounted 2.5-inch diameter Task type balance for use in force
measurement. Orifices were located in the Orbiter, ET, and SRB base regions
for use in recording base pressure levels per figures 2h and 2i. Additional
pressure orifices were located in the Orbiter per figures 2j and 2k.

The following letter designations were used to describe the various

lTaunch vehicle configurations:

Symbol Definition
ATg Attach structure-rear SRB/ET per Rockwell lines VL72-000106,

model dwg. $S~A01168

ATy, Attach structure-left rear ORB/ET per Rockwell 1lines VL78-000050,
model dwg. $S-AQ1167
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Attach structure-right rear ORB/ET per Rockwell lines
VL78-000050, model dwg. SS-A01167

Attach structure-front SRB/ET per Rockwell lines VL77-000051A,
model dwg SSA-01168 '

Attach structure-front ORB/ET, Tocation per Rockwell Tines
VL72-000088D, model dwg. SS-A01167

Orbiter fuselage per Rockwell Tines VL70-000140A/B, model
dwg. SS-A00147

Orbiter canopy per Rockwell lines VL70-000140A/B, VL70-000143A,
model dwg. SS-A0C0147

Orbiter full span, unswept hingeline elevons per Rockwell
lines VL70-000200, model dwg. S$S-A00148

Orbiter body flap per Rockwell lines VL70-000145, model dwg.
S$S-A00147 '

ET/ORB. LOX feed line per Rockwell lines VL78-000050, model
dwg. SS-A01167

ET/ORB. LH 2 feed Tine per Rockwell lines VL78-000050, model
dwg. SS-A01167 :

Orbiter OMS/RCS pods per Rockwell 1ines VL70-000145, model
dwg. 55-A00147 '

Orbiter OMS engine nozzles per Rockwell lines VL70-000140A,
model dwg. SS-AQ0147

SRB engine nozzles per Rockwell lines VL77-000036A
SRB electrical tunnel fairing per model dwg. $S-AQ1168

SRB attach ring per Rockwell lines VL77-000036A, model dwg.
SS5-A01168

SRB separation rocket fairing per Rockwell Tines VL77-000036A,
model dwg. SS-A01168

ET,, LOX vent line fairing per Rockwell lines VL78-000031A,
mod&1 dwg. SS-AC1167

ET LOX feed Tine per Rockwell lines VL78-000031A, model dwg.
S5-A01167

n



PT, - ET LH, feed line per Rockwell Tines VL78-000031A, model dwg.

5s-0167

PTg 1ET]9‘LOX vent line per model dwg. SS-A01167

R5 Orbiter rudder per Rockwell Tines VL70-000146A, model dwg.
SS-A00748

512 SRB per Rockwell Tlines VL77-000036A, model dwg. SS-AQ1167

le ET per Rockwell lines YL78-0000414, model dwg. SS-AQ1167
nose @ sta. 309.00

Ti9 ET per model dwg. SS-A01167. Nose @ sta. 324.27

V8 Orbiter centeriine vertical tail per Rockwell lines VL70-000146A,

model dwg. SS-A00148

Wi16 Orbiter double delta wing per Rockwell lines VL70-000200, model
dwg. SS5-A00148

In order to facilitate the writing of various launch configuration

nomenclature, the following abbreviations weére used:

| Symbol Definition
01 - Orbiter 826 C9 M7 N28 F7 N116 E26 VB R5
T External Tank T2
Tg External Tank T]9
3 Solid Rocket Booster 512 Nay
P2 Fairings PS], PSz, and PS3
Pe Components PTy, PT,, PT3, ATy, ATy,, AT 3. ATq,s ATqg, FLy, FL,
P Components PT2, PT3, PTB, ATg, ATiz’ AT]3, AT14, AT15, FL], FL2

12



TEST FACILITY DESCRIPTION

The Rockwell International Trisonic Wind Tunnel is an intermittent
blow down facility with a 7- by 7-foot tandem test section capable of test-
ing force, inlet, pressure, and flutter models at Mach numbers from 0.1
to 3.5.

Two synchronous motor driven centrifugal compressors, operating in
series, supply dry air at a rate of 40 1b/sec. to eight storage spheres

3. The air is dried to a moisture con-

having a total volume of 214,000 ft
tent of 0.0001 1b. or less of water per 1b. of dry air (approx. -35°F
dew point) and stored at a pressure of ten atmospheres. Flow from the air
storage spheres is regulated by a servo controlled value. The eight-foot
diameter valve opens within two seconds to control and stabilize the settling
chamber at a preselected pressure.

Downstream of the settling chamber is a fixed nozzle which provides
a2 transition from the circular cross-section of the settling chamber to
the recfangu]ar cross-section of the variable nozzle. Two seven-foot wide
steel plates, supported between parallel walls by hydraulic jacks, form
the floor and ceiling of the ffexib1e nozzle section. Changes in nozzle
contour to produce variations in Mach number are accomplished by means of
these jacks. and require 30 to 50 minutes to complete.

The two test sections for supersonic, fransonic, and subsonic testing
are 7- by 7—fee; and are permanently installed in a tandem arrangment. The
standard supersonic tesf section {for testing at Mach numbers greater than

1.3) is in the downstream end of the flexible nozzle. The test section

13



for subsonic and transonic operation is located in the downs tream end of
the porous wall area. An access door to the test section is Tocated in
the variable diffuser.

The variable diffuser downstream of the porous wall area may bé ad-
justed to provide subsonic Mach number control, to generate transonic Mach
numbers, and to minimize start time for supersonic testing with models
having high tunnel blockage,

An equivalent 5° conical expansion angie is provided in a fixed dif- -
fuser which completes the basic tunnel circuit. Downstream of the diffuser
is a sound abatement muffler building where the air is exhausted to the

atmosphere.

14



DATA REDUCTION

The aerodynamic force and moment data presented were measured by the
Task Corporation 2.5-inch diameter MK XB internal strain gage balance. The
data have been corrected for orbiter, extefna] tank, and solid rocket booster
base pressure dfag, sting and balance deflections, and model weight tare.

The corrections to the axial force were accomplished in the following

manner.
C = C +C + C
A A A A
T BAL Core  Cer
where : CAC = -C*AC + C*Ab
ORB ORB Pore
C = - C* + C*
A A A
Cer Cer bt
. AC
and c* = - C, | ORB ) WF
| Ac Pg SReF 8
ORB
Ap
c* == ¢y (BB
A, Py " Spep”
ORB
A 1
C, =-C (EEEI; WF
A p T
Cer 9 REF
Cx, =-C, ( ACET) WF
A p. {5 Whg
bt 5  “REF
where
CP = — where i is manifold pressure.
i
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Ca I U W
F Total bORB
- C - ¢
A A
bopen  PET
A
b
where C = - C, OR8
Ay P17 SRer
ORB
A
b
Gy T Cp, (e
boss 3 SRer
Ay
c = - Cp (2P
Ay P3 " Sper
ACPS
A
b
G -y (3R F,
Ay
SRBN
Cp, € ~Cr, (aREF W
SRBN
Ab )
C, = c WF
AbET 5REF

The following reference dimensions were used for reducing all aero-

dynamic data to coefficient form:

Symbo1l Definition

A, ACPS base area, ft
ACPS

Ab ET base area, ft2
ET

Ab OMS base area, ft2
OMS

16

Value
Full Scale Model Value

37.778 0.0085
572,555 0.1288
52.000 0.0117



Abog Orbiter base area, ft? 337.778  0.0760
AbSRB SRB base area, ft2 184.332 0.0415
AbSRBN SRB nozzle base area, ft2 217.792 0.0490
ACET ET balance cavity area, ft2 ' 0.0451
Acors Orbiter balance cavity area, ft° 0.0340
LREF = BRer Orbiter body length, in. | 1290.300 19,3550
MRP Launch configuration C.G., in. Xy 979.000 14.6850
Y7 0.0 0.0
Zt  400.000 6.0000
S Orbiter wing area, ft2 2690.000  0.6053
REF i
W, Pressure weighting factor 0or i

1

- The following table describes the manifold system used to record and
tabulate the 19 base pressure taps shown in figure 2(i).

PRESSURE COEFFICIENT BASE PRESSURE
MANIFOLD NUMBER TAP HUMBERS LOCATION

1 | 1,2,3,4 Orbiter base

.2 - | Spare
3 | 5 OMS base

6 ACPS base

4 -l Spare
5 7,8,9,10,11 ET base
6 13,14 SRB base
7 15 ' : SRBN base
8 16,17 Orbiter cavity
g ' 18,19 ET cavity

17



TABLE I,

TEST ¢ 1A69 TWT 280 DATE ¢ 1/21/74
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
MACH NUMBER (per unit length) (pounds/sq. inch} {degrees Fahrenheit)
3 1.08 7.4 x 10%/¢t. 8.6 45° to 70°
1.22 7.2 X 106/ft. g.2 45° to 70°
BALANCE UTILIZED: Task 2.5-inch Mk X B
CAPACITY: ACCURACY: %%ﬂ;ﬂ%'%”
NF* 5500 1bs +0.25%
sF* 2750 1bs +0.25%
AF 1250 1bs +0.25%
PM
RM -
ym  __4000 in-1bs _40.25%
COMMENTS:
* Each gage
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IABLE 11.

TEST: ZAL?  Twr 280 DATA SET/RUN NUMBER COLLATION SUMMARY DATE : //R1/74
. DATA SET CONFIGURATION SCHD. PARAMETERS/VALUES g’?' MACH NUMBERS
IDENTIFIER alp de R g_fé_é {4 IYPERUNS ) /. / [
Ke3xar | OS5, PR |alo] 1o O 2 o Pl |+ 2
D2 4 / S
r g 7
Ot 01/71-31??27%' 1. :’? 8
a5 O 7
ks ‘ /0 4
7 | o F // g
) Jo | ZAMEE
9| 1o /7 <
/0 | 2 /31 o
0HIOT S P Fe gl /4 "’
12 O ' /lo
T e I 7 3
_NOTE; The "X in the data pet!idéntifier willl be fn "4" fon for - a2 "l" fo mjnq' uppepr_surface
pressure data; an'"L"} fof wing |owen surfface|predsure ldata,{ an ['F" fbr orfjiter fusel ige pressurg
data, or a "B" for bpse]pr¢ssute dta.

‘f[r — Fressa rr_.

&7

75 76

M 1y 1. F§41§ 1t K:LJn 1|‘F;Hn i L_g;ﬂhﬂ i Fa££nuL1 K:U* | a|Cj?CMbKTﬁ TN LJ;:q [ 1 AT AT I AR B I e

a OoRr B aﬂ-_{;czl4'

COEFLFICENTS

LCHEDULES

P FREx
F= FORCE WA
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TABLE III. - MODEL DIMENSIONAL DATA

MODEL COMPONENT: Attach Structure ATg

GENERAL DESCRIPTION: Aft SRB/ET attach structure (3 member structure)

Model Scale: 0.015

DRAWING NO: VL72-000106
DIMENSIONS: MEMBER FULL SCALE

#1 Xp 1515
g + 56
Zg 50
X7 2058
Yr + 158
Zp 450

i#2 Xg 1515
Ygp + 76
Zp 18
Xp 2058
Y 160
27 b5

#3 Xp 1515
Yy + %
75 -5
Xp 2058
Yp + 158
Zp 350

Diameter of Members: TBD

20

MODEL SCALE

22,725
+ .8LO

- 750

30.870
2.370

6.75

22.725
+ 1140

270
30. 870

2.400
6.675

22.725
+ .840

- .750

30.870
+ 2.370

5.250



MODEL COMPONENT :

TABLE III. - Continued.

Attach Structure ATIE*

GENERAL DESCRIPTION:_  Left rear Orbiter/ET attach structure (2 member structure)

Model Scale: 0.015
DRAWING NO.____ VL78-000050
DIMENSION : MEMBER FULL SCALE MODEL SCALE
#1 X, 1303 _19.545
o =% _=L.LA0
Zo 258 3.870
X 1859 27,385
Yp - 15 1.725
7T _23_.2___ __?.650 L
#2 X, 1317 . _19.755
Y, ~96 1.0
7o 258 _3.870
Xp 2058 30.870
Yp 115 1.725

2o 510 - .650

Diameter of Members: TBD
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TABLE III. - Continued.

MODEL COMPONENT: Attach Structure AT13;

GENZRAL DESCRIPTION:_Right rear orbiter/ET attach structure (3 member structure)

Model Scale: 0.015

MODEL NO.__VL78-000050

DIMENSION : MEMBER

#1

#2

#3

Diameter of Members:

TBD

FULL SCALE
1313
96
258

1859
=115

=510

1317
+96
_258
2058
-115 .
510

22

8.490

MCDEL SCALE

19.695
.44

.870

27.885
-1.725

7.650

19.755
440

3.870
30.870



TABLE III. - Continued.

MODEL COMPONENT:_ _ Attach Structure LYW

GENERAL DESCRIPTION: Forward SRB/ET attach structure

Model Scale: 0.015

DRAWING NO:__ VL77-0000514

DIMENSION : FULL SCALE
| | Xp 40k
e + 177
78 0
X7 947
Yo + 167
Zp LOO

23

MODEL SCALE

_6.060
2.655

0

- 14.205
2.505

6.000



TABLE 1II. -~ Continued.

Model Component: Attach Structure ATjg

General Description: Forward attach structure between
orbiter and external tank. Modified to
accept Rockwell International Trisonic
Wind Tunnel Starting Loads.

model scale: 015

Full Scale Model Scale
Xo 391.00 5.865
Yo 0.0 0.0
XT 998.87 16.980
Y 0.0 0.0
Diameter, in. 33.33 0.500
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TABLE III. - Continued.

MODEL COMPONENT:  BODY -(B,e)

GENERAL DESCRIPTION: Orbiter Fuselage Configuration 140 A/B

NOTE: B, identical to Byg except underside of fuselage refaired to

accept Wyqg-

Mondel Scale = O.NS'

VL70-000193

DRAWING NUMBER: VL70-000140A
DIMENSIONS : | FULL-SCALE MODEL SCALE
Length (Body Fwd Sta X, = 235) - in. 1290.3 19.355
Max. Width (at X, = 1520) - in. 262.0 3 3.93
Max. Depth (at X, = 1464) - in. 250.0 3.75
Fineness Ratio | - | 0, 26257 0. 24257
Area - ft*
Max. Cross-Sectional | 340.88462 0.02676
Planform .
Wetted
Base
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TABLE III. - Continued.

MODEL COMPONENT :__ Canopy (Cg)

GENERAL DESCRIPTION : Configuration 140 A/B Orbiter Fuselage

Model Scale = 0,015 ___Model Drawing No. SS-AQQ1L7
VL70-~-0001404
DRAWING NUMBER : VL70-000143A

DIMENSIONS : FULL SCALE  MODEL SCALE
Length (Xo=34.643 to 670),\ny. = —235:357 3.530
Max Width (@ x0=513.127))’m 152.412 2.286
Max Depth (@ Xo=485.0) M 25.000 | 0.375

Fineness Ratio

Areq

Max. Cross-Sectional

Planform

Wetted

Base

26



TABLE III. - Continued.

* MODEL COMPONENT: _ EIZVOY - (Epq)

GENERAL DESCRIPTION:

Configurstion 140 A/B Orbiter Eleven

NCTE: VL70-000200 dste for (1) of (2) sides. Identical to Eps except

'airfoil thickness

Yodel Scele = 0.015

Model Drawings No. S55-A00148

VL70-00G200

DRAKING NUMBER: VL70-000140 B

DIMENSTONS:

Area

Span (equivalent)in,

Ihb'd equivatent éhord}ln.
Outb'd equivalent chord,in.

Ratio movable surface chord/
- total surface chord

At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
;E:.:‘Léading Edge
= Tailing Edge
| Hingc]iné

Area Moment (Normal to hinge 1ine)].F+3

A}

27

FULL-SCALE

223. 5814
368.34
119.623

55.1922

0, 2096

0. 4004

0.00

-10.056

0.00

851.1502

MODEL SCALE

0.0503
2.525
1.794
0.828

0.2096

0.4004

- 0.00

~10,056

D T P —

0.00

0.00287



TABLE III. - Continued.

MODEL COMPONENT: Body Flap —(“Fr_; )

GENERAL DESCRIPTION:  GonfigurctionlhQ A/B Orbiter Body Flap

NOTZE: Body flap has verizbhle centerline ds,ei‘ler:’r;jion of +13,75% and

-14.25° from mull position. Hinge line loceted st Xy =1523.3,

o = 284.3 Model Drawing No. S$S-A00147
lodel Genle = 0.015
DRAWING NUMBER . VL70-0001404, VI70-000145
DIMENSION: - _ | FULL SCALE MODEL SCALE
Length (Xo=1520 to X,=1613) - IN, 93 .000 1.395
Mox Width - IN. ' 262.000 3.930
Mox Depth (X, = 1520) - IN. 23,000 0.345

Fineness Ratio

Arec - Ft<2

Max Cross-Sectional

Planform ' 1505250 0,C339
Wetted ‘
Base ] 41.84722 ) 0.00914,1

28



TABLE III. - Continued.

MODEL. COMPONENT Feed line FI;

DESCRIPTION: LOX feed line between ET and orbiter

MODEL SCALE:___ 0,015

~ DRAWING NO:____VL78-000050

' FULL SCALE
DIMENSIONS:

Rat: X s
Yo =7

Xq 1330.5

Diamete:; m. 18.5

29

MODEL SCALE

30,953
-1.053

19.958

~1.053
_ =278



TABLE III. - Continued.

MODEL COMPONENT: _ Feed line Flo

DESCRIPTION: LH2 feed line between ET and orbiter

MODEL SCALE: 0.015

DHAWING NO. V178-000050 -
DIMENSIONS:
FULL SCALE MODEL SCALE
Eat Xp 2063.5 30,953
Yo 70 1.053
X, 1330.5 19.958
Y 70 1.053
Diameter, in, ' _18.5 279
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- TABLE III. - Continued.

MODEL DIMENSIONAL DATA

MODEL COMPONENT :__OMS Pod (Mg)
GENERAL DESCRIPTION:  Configuration 140 A/B Orbiter OMS-Pod

Model Scale = 0.015 Model Drawing No. $§-A00147
VL70-0001404
DRAWING NUMBER : VL70-000145
DIMENSIONS : FULL SCALE MODEL SCALE
Length(OMS Fwd Sta Xo=1233.0) -IN,_ 327.000 4. 905
Max Width (@ X,=1450.0) - IN, 9.5 1.418
109.000 1.635

Max Depth (@ X,=1493.0) - IN.

~ Fineness Ratio

Areq

Max. Cross—Sectional

Planform

Wetted

Base
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TABLE 111, - Continued.

v

MODEL COMPONENT:  NOZZLES -(N 28)

GENERAL DESCRIPTION: Configuration 140 A/B Orbiter OMS Nozzle

—

MODEL SCALE =  0.015 ' Model Drawing No. 35-A001.L7

DRAWING NO. VL70-0001404

DIMENS ICHS ; FULL SCALE MODEL SCAHLE
Mach No.

Length ~ in.
Gimbal Point to Exit Plaene

Throat to Exit Plane

Diameter ~ in.
Exit
Throat

Inlet

Area -~ ft2.
Exit

Throsat

s ot st e et m

Gimbal Point (station)~in.

X 1518.00 22.77
Y + 88,0 1.32
Z \ L92.0 7.38

Null Position~deg.

Pitch : 15° L9 159 491

Yay 120 17! 120 17!
32 -




TABLE III. .- Continued.

MODEL COMPONENT: __ NOZZLES - Ngy

GENERAL DESCRIFTION: Configuration /4 BSRM Nozzles

>

———

MODEL SCAIE = 0.015

VL72-000088E
DRAWING NO. VL77-000036A

DIMENS JONS

l‘hCh NO *

Length ~ in.
Gimbal Point to Exit Plane

Throat to Exit Plene

Diameter~ in,
Exit
Throat
Inlet

Fxit

Throat

Gimbal Point (station)~in.

X

Y

Z - \
Ngll Pasition ~deg.

FPiteh

Yow
|

FS of Nozzle Exit Plane (Xr) IN.

33

FULL SCALE

i41.3

108.89 95

1796.15
+24,3.0

400.0

00
OD

24,84

MODEL SCALL

DO

00

37.260




TABLE II1. - Continued.

MODEL COMPONENT: SRB Protuberance PS5y

DESCRIPIION: Electrical tunnel falring on top of each SRB

MODEL SCALE: 0.015

DRAWING NO: None

DIMENSION: (Data for 1 of 2)

FULL SCALE
Leading edge at Xg L67
L of tunnel Yg 0
Trailing edge at KB 1820
Height,in, —
Width , m, 6
‘ALE, deg. 72

34

MODEL SCALE
.001
0
27.30
LOL5

.0%0

72



TABLE III. - Continued.’

MODEL COMPONENT: SRB Protuberance PSo

DESCRIPTION: SRB/ET attach ring

MODEL SCALE: __ 0,015

DRAWING NO.: VL77-0000364

DIMENSIONS: (Data for 1 of 2)

FULL SCALE MODEL SCATE
L at Xg 1515 22,72
Width, 1, . - 10 15
Heighth n, 10 .15
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TABLE III., - Continued,

MODEL COMPONENT: SRB Protuberance FS3

DESCRIPTION: Separation rocket fairing on each SRB nozzle shroud located

30° inboard from top centerline.

MODEL SCALE: 0.015

DRAWING NO. : V177-0000364A

DIMENSIONS: (Data for 1 of 2)

FULL SCALE MODEL_SCALE
Leading edge at Xg 1796 26,940
Trailing edge at Xp _ 1889 28.335

Radial location is 30° inboard from top centerline.
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TABLE III. - Continued.

MODEL CCMPONENT: ET Protuberance PT,

DESCRIPTION: LOX Vent Line Fairing on Tank Ty, Nose

MODEL SCALE: .015

DRAWING NO._VL78-000031A

: FULL_SCALE MODEL SCALE
DIMENSIONS: Leading edge at Xp o1 L85
Y. 0 0
Trailing edge at Xp LT 14.205
Tp =10 A.053

37



TABLE III. - Continued.’

MODEL COMPONENT: ET Protuberance PIs

DESCRIPTION: LOX feed lines on vehicle 4 tank secured to tank by brackets

with 50-inch spacing

MODEL SCALE: _ 0.015

DRAWING NO. VL78-000031A

FULL SCALE MODEL SCALE
DIMENSTONS: Leading edge at X L7 1L.205
Yy ~70 -1.053
Trailing edge at Xp 1330 19.950
Yo -70 -1.053
Bracket spacing from Xp = 997 in, 50 .85
2
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TABLE III. - Continued.

MODEL COMPONENT: ET Protuberance PT3

DESCRIPTION: LH» feed line on vehicle /4 tank secured to tank by brackets

with 50-inch spacing.

MODEL SCALE: 0,015

DRAWING NO.__VL78-000031A

DIMENSIONS: Leading edge at Xp

Y

Trailing edge at Xp

Ip

Bracket spacing from Xp = 97,m. __ 50

39

 FULL SCALE

97
.70

1330
_ 10

MODEL SCALE

14.205
1.G53

19.950
1.053

.85



TABLE III., - Continued.

Model Component: ET Protuberance PTg
General Description: LOX Vent Line Fairing on Tank T19 Nose.

Model Scale: .015
Full Scale Model Scale

Leading Ldge @ Xr 364.0 5.460
Y 11.67 0.175
Trailing Edge @ Xy 947.00 14.205
YT - 70.00 1.053

40



TABLE III. - Continued.

MODEL COMPONENT:  RUDDER ~ R5

GENERAL DESCRIPTION: . Configuration 140 A/B Orbiter Eudder.

Model Scale = 0,015 Model Drawing No. SS5-A00148
DRAWING NUMBER: VI70-000095, VL70-0001464
DIMENSIONS: FULL-SCALE MODEL SCA&E
Area - FI< 106.38 0.0239
Span (equivalent) - IN. 201.0 3.015
Inb'd equivalent chord 1. : 91, 585 1.3%,
Outb'd equivalent‘chord,nﬁp 0.8 0.762

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord ' 0.400 0,400

At Outb'd equiv. chord 0.400 ' 0.400
Sweep Back Angles, degrees ' '

Leading Edge gg.az ' 34.83

Tailing Edge ' 26.25 26.25

Hingeline _ 35;83 34.83

Area Moment (Normal to hinge line)- FT3 526.13 0.00178"_~_
Product of Area and Mzan Chord -

41
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TABLE III. - Continued.

MODEL COMPONENT:  ROOSTER SOLID ROCKET MOTOR -(S12)
- .

GENERAL DESCRIPTION:  Configuration 3A, Dats for (1) of (2} sides,

per Rockwell Lines Vl.??-QOOOBéA

Model Scals = 0.015

VL72-000088D
DRAWING NUMBER . __VL77-0000364
DIMENSION: o . FULL SCALE MODEL SCALE
" Length (Includes. Nozzle)} - IN. 1741.0 26.115
Mox Width (Tank Dia) - IN, 142.3 2.135
Mox Depth (Aft Shroud) - IN. 192.0 2.880
Fineness Ratio 3.06771 f9.06771
Area - FT2
Mox Cross-Sectional © 201.06193 0.0452
Planform o
Wetted
Base _
WP of BSRM Centerline (zp) - IN. 400 6.000
FS of BSRM Nose (Xp) - IN. 743 11,15
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" TABLE III. - Continued.

MODEL COMPONENT: EXTERMAL TANK - (T22)

GENERAL DESCRIPTION:  External Oxygen liydrogen Tenk

NCTE: Identical te T11 vith exterrnal fuel lincs added

¥odsl Geale = 0.015.

VL78-000031i

DRAWING NUMBER . V1.78-000041A
DIMENSION: - _ | © FULL SCALE MODEL SCALE
Length - IN. (Nose @ Xp = 309) 1865 27.975
Mox Width  (Dig) - IH. 32, L.86
Max Depth N, | |
Fineness Ratio 5.75617 #l5.7561‘?
Area - FT2 o :
Max Cross-Sectional C_572.555 __0.1788
Planform
Wetted
Base

WP of Tenk Centerline (Zg) - IN. 4,00.0 6.000
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TABLE III. - Continued.

MODEL COMPONENT: EXTERNAL TANK T19

GENERAL DESCRIPTION: External Oxygen - Hydrogen Fuel Tank. Same

as T3 except for nose configuration.

Model Scale: ,015

DRAWING NUMBER: MCR 467
DIMENSIONS : FULL-SCALE MODEL SCALE
Length-in. (Nose & XT = 324.27) 1849.73 27.746
Max. Width , 1in. 330.00 4.950
Max. Depth L
Fineness Ratio
Area , ft2 ‘
Max. Cross-Sectional 593.98 0.1336
Planform
Wetted
Base
’W.P. of ET Centerline, in. 400.00 6.000
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TABLE III. - Continued.

MODEL COMPONENT: VERTICAL - V 8.

GENERAL DESCRIPTION: Configuration 140 A/B Orbiter Vertical Tail

NOTE: Similar to V5 with radius on TE upper corner apd LE lower corper

—vhere vertical meets fugelage,
Model Scale = 0.015

Model Drawing No. 55-4001.,8

"~ VL70-0001LOR
DRAWING NUMBER: VL70-000146A
DIMENSIONS : FULL ~-SCALE MODEL SCALE
TOTAL DATA
Area (Theo) FtZ 113.253 0.09293
Planform
Span (Theo) In 115,720 L. 73580
Aspect Ratio 18675 17678
Rate of Taper 0.50 0.507
Taper Ratio 0.40399 0.40399
Sweep Back Angles, degrees
Leading Edge ' 45.00 45.00
Trailing Edge 25,947 25.947
0.25 Element Line 41.130 41.130
Chords:
Root (Theo) WP 268,500 402750
Tip (Theo) WP 108,470 1.62705
MAC 199. 80754 2,9971]
Fus. Sta. of .25 MAC 1463,50 21.9525(
W, P. of .25 MAC 635,522 9, 53283
B. L. of .25 MAC 0.00 Q.00
Alrfoil Section
Leading Wedge Angle Deg 10,00 10.00
Trailing Wedge Angle Deg 14,920 1. 920
Leading Edge Radius 2,00 0..030C
Void Area 13,17 0.00294
Blanketed Area 0,00 0.00
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- L “TABLE I1I. - Concluded.
MODEL CONPONENT:__WING- (4314) -

GENERAL DESCRIPTION: _(Configuration 140 A7B Orbiter Wing

- NOTE: Identical to Wyi4 except airfoil thickness. Dihedral angle is along

“trailing edge of wing.

46

Model Scale = 0.015 ) . : Model Drawing No. SS-ADOL4R
TEST_NO. - S 7 DMG. N0, VE70-000550
DIMENSIONS : ' o ; - a FULL=-SCALE MODEL SCALE
TOTAL DATA -
' Area {Iheo.) Ft& ,
Planform - L. 2890.00 0.6053
Span (Theo In, . S 936,6816 14,050
Aspect Ratio o ' 2.265 2.265
"Rate of Taper ’ : 1.177 1.177
Taper Ratio ' - . 0.200 ¢.200
Dihedral Angle, degrees(at Xo=1506.623,Yy= —3.500 3,500 _
Incidence Angle, degrees 105, Zo= 282.75) 0,500
Aerodynamic Twist, degrees . ' ~ +3.000 +3.000
Sweep Back Angles, degrees o o ~ -
Leading Edge L L 45.00 45.00
Trailing Edge . , -10°US6 -10.056
_ 0.25 Element Line . 35,209 . 35.209
Chords: 171 T ) o
Root (Theog 8.P.0.0, oo - 689.2429 10.339-
Tip, (Theo} B.P. : L 137.8486 2.068
e Stas of .25 HAC e e
us, Sta. of . A ' 26,721 .
WP, of 25 MAC C e .00 5365
B.L, of .25 MAC . ..187.33491 —2.810
EXPOSED DATA - - " e = .
S er(thes) R4 . - 7 i812.2205 0.L08
. Span, (Theo} In. BP108 ‘ - - 736.6816 11050
Aspect. Ratio I . . 2.058 2.058 -
Taper Ratio - AU © 7 0.2451 0,2451
Chorif,\n. : Lo ) - . *‘;;1;;;"‘
‘Root BP108 ‘ C . 570.6230 _ ot :
Tip 1.00 b, e 137.8512 :
- .MAC 2 o 354.2376 5.314
Fus. Sta. of .25 MAC : ' 1164.237 17.L6h .
WP, of .25 MAC ' ' ' 292,00 44380
B.L. of .25-MAC - : 239.67786 3.595
Airfpil Section {Rockwell Mod HASA) - R
- XXXX=64 _
Root b = 0.425 ' - ' 0.113 0.113
2 ' T
Tip‘% = 1.00 - © 0,12 0.12
pata for {1} of {2) Sides
Leading Edge Cuff , _
Planform Area Ft : 0. 0260
Leading £dge Intersects Fus M, L. @ Sta . 505.0 7.575
.Leading Edge Intersects Wing @ Sta ©108Lk,.5 15.053



ORBITER WING STATIC TAP LOCATIONS

TABLE IV. - PRESSURE INSTRUMENTATION

47

-
Yo = 250 C = 388.67 Yo = 365 C = 257.0
% Chord
X Upper Wing {Lower Wing X Upper Wing | Lower Wing
| Tap No. Tap No. Tap No. Tap No.

0 O(L.E.) 22 0(L.E.) 33
0.05 19.47 23 28 12.87 34 30
0.15 58.33 24 29 39.13 35 40
0.40 155.47 25 30 102.80 36 41
0.725 281.80 26 31 186.33 37 42
0.95 369.27 27 32 244,13 38 43

ORBITER NOSE STATIC TAP LOCATIONS

) ~o 235 265 325 380 450 500

0° 1 2 6 : 14 18

40° 3 7 11 15 19

90° 4 8 12 16 20

180° 5 9 13 17 21

Notes:

(1) Full Scale Dimensions
(2) Left Hand Only
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Notess

1. Positive directions of force coefficients,
moment coefficients, and angles are
indicated by arrows

2, For clarity, origins of wind and stability
axes have been displaced from the center
of gravity

<{

Figure 1. Axis Systems
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WING, W16

AN

BODY FLAP, Fo

b, Orbiter Three View

Figure 2. - Continued.
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C. Aft Orbiter/ET Attach Hardware

Figufefz. - Continued.



25

'FRP 400 ‘,/f””’
1 66.67 1
83.33
——i33, 33—
: 28.00 - 1
e 3 £ .
. A * 91.00
- 33,33 Dia. 111.67
145.67
r ..—\
35.6 -
e > 60.00
fi—————pot— 71.33 _
ol 46 . 67 it
- 93.33
BP 0.0
Xp 391.00
~ XT 998.87
~d. Front Orbiter/ET Attach Hardware

Figure 2. - Continued.
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€. External Tank, Tyo

Figure 2. - Continued.
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34.00

610"R

A

32.00 i

X7 324.27 XT 900.00

f. External Tank Nose Variation, Tyg

Figure 2. - Continued.
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Figure 2. - Continued.
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Figure 2.
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TAPS 16,17
TAP 5 ( BAL. CHAMBER)
TAP 6
TAP 3 — ] ' TAP &
(,/EA—E'_‘;;— ‘ ;

TAP 8

TAP G

TAPS 18,19
(BAL. CHAMBER)

NOTE: Refer to Data Reduction section for

. DPressure manifold system.

i. Dase Pressure Tap Locetions

Figure 2. - Continued.



BS

n = 2Y/B = .534

(2 (24} (%;) (26) (27) Yy
(zzm&:'— - o 5 250
(28) (29) (30) (31) (32)
(319035, 30 37 (38) ‘o
(33) 5 = 365
(39)(40) (41) (42) (43)
n=2Y/B = .780 Yo
468 .34
Notes:

{1) Full Scale Dimensions
(2) Pressure Orifices on Left Hand Side of Model
{3) X/c = 0,.05, .15, .40, .725, and .95

J. Wing Pressure Orifice Loca.ions

Figure 2. - Continued.
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Notes:

(1) All Dimensions Full Scale
(2) Pressure Orifices on Left Hand Side of Model

Xo
X Xp Xo 450
8]
325 380
Xo 265 L300
235 180° -
180° 180° (13) (
) 3 12 (16)
1)| (4 (8) (12) D
“*?" 90° 90° 90 ° + 99
40°
(2) 0°(3) 40° ‘0
(7) ° o
{6) 0° 40
, pe (11)

(14) 0° (15)

400

Zo .lzﬁff’éa”r

Xo = 235 265 325 380 450 500

k. Fuselage Pressure Orifice Locations

Figure 2. - Concluded.



a. Front View, TWT Installation Configuration 07 T4 Sy Py Py

b. 'Front View, TWT Installation Configuration 07 Ty S7 P, Pg
Figure 3. - Model Photographs
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C‘L .

LIFT COEFFICIENT,

DATA SET SYy-80L CONFIGURATION DESCRIPTION ELEVIN RUDDER SPOBRK  BOFLAP REFERENCE INFORMATION
{ AF 3208 ) B ) 81 T4 51 P2 P7 000 .0og 000 .000 SRE .6053  SD.FT.
{AF3AL2) 1AB9 01 11 S! P2 PE 000 000 000 000 LREF 19,3550 [|NCHES
BREF 19,3550 INCHES
XMRP i4.688%0 INCHE
™R 0000 INCrES
ZVRP 5.0C00 INCHES
SCALE .0isa
SBoTTTTTTTT Y Tl J T rTrJfrrrrrrrrrrrrrrr T rr T
; : -
29 T .
- -
20 T i
I ]
A T y
A0 T :
.05 1= .
00T R R y
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_010 . P . -
! .. - ]
~.15 1 : p
-.20 T : ]
- t v
- § .d
' .4
—l25 L PR N -
. g -
_30: N M M I I :111:1:;:.:‘;:;:1.;;“,;*
-30_5 =z =3 =7 - 0 : 3 3 3
ANGLE OF ATTACK. ALPHA. DEGREES

FIG

4

(AIMACH =

EFFECT OF EXTERNAL TANK NOSE CONFIGURATION, LONGITUDINAL CHAR,

1.22

PAGE
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CDF

FOREBODY DRAG COEFFICIENT.,

DATA SET SYMAOL CONF IGURATION DESCRIPTION ELEVON RUDDER SPOBRY BOFLAP REFERENCE INFORMATIDN
[AFIACE ) 8 1A69 0L T4 SI P2 P7 000 000 000 D000 SREF 6053 So.FY..
{AF3AL12) 1AB9 gl T St P2 PEB 000 000 A00 000 LREF 19,3550 INCHES
BREF 19.353%0 INCHES
xXMRP 14,6850 INCE
YMRE LOC00 INCHES
ZMRP 6.0070 INC-ES
SCALE oisg
—~~ ] c ]
.26 + .
.24 F ]
22 + -
.20 1 ]
18— -
P ]
A6 T -
14 1 -
a2 f .
.10 f ]
.08 + ]
.06 T . .
.04 T ' .
.02 —m—m}/— ]
00 g e e g
ANGLE OF ATTACK. ALPHA. DEGREES
FIG 4 EFFECT OF EXTERNAL TANK NOSE CONFIGURATION, LONGITUDINAL CHAR.
CAIMACH = 1.22 PAGE 3



CN

DATA SET SYMBOL  CON IGURATION DESCRIPTION ELEVON RUDDER SPDERK  BOFLAP REFERENCE INFORMATION

AF A0 ] 8 1489 g1 74 51 P2 P7 000 .000 .000 D00 SREF L6053  SO.FT.
AF ! 1A89 Cl 11 S1 P2 P8 000 000 .C00 000 %F 19,3530 INCHES

NORMAL FORCE COEFFICIENT.

30 ) BN Btk St 3 LIl U B 4 LN S e 4 T .7 T 1.1 7 LN B A | T r r ™ T LI B M 3 LA B o |
2 - o« v s = s om + 4 s s s s o a PO T I L T T T L T T
- -
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3 B
o e T B T S O T T T o o e S s
o . B F T T T S O o e .
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2T T T T T T T T T T T T T 5 :
oL AL R AL IR BRI I IR IS SR T SIS I B S -
SRR R S Y T L T T e Vo . <
.......-........................../.... -
e B T T T I e . -
s e e E
10 T : y
- . . -
- . E
©
s v »
.05 T .
= -
= -
o -
00"
= -
- B
- b |
.
-.03 T
- .
- s
- .
.10 T ]
- -
r -
-.135
-
b =
b ~
b E
_.20_
o -
- -
-
25 T - ’ .
1
- s t -
s gnd : ]
L . . . N I D T B B T S RPE DU S
PR N N 1 kb W W S Y ¥ I T 1 F I S S | i R R | ) I T | ) N T 'Y i Y R T 1 N U R S |
-.30. 2 5 1
3 —4 -3 -2 - 2 3 4 3

ANGLE OF ATTACK. ALPHA. DEGREES
FIG 4 EFFECT OF EXTERNAL TANK NOSE CONFIGURATION, LONGITUDINAL CHAR.

(AJMACH = 1.22 | PAGE 3



CA

SYMBOL CONFIGURATION DESCRIPTION ELEVON RUDDER SPOBRK BOFLAP REFERENCE INFORMATION

1 P2 P7
1 P2PS 000 000 L0200 000 LREF 19.3550 ]INCHES
8REF 19.3550 II‘CBE‘_EE

S0 T 44 DAOH ALY L0000 MAAE IARAE HAAA HAARA ST T 000 400 10004 MAAMA AAL01 19000 1264 LAOHE MABE HAOAS
- 54 B . » )
- 0 Jols q - _
. &_ . " L. 4
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